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(OHFWULFLW\ KDV EHFRPH VXFK D XELTXLWRXV IHDWXUH RI PRGHUQ OLIH WKDW PRVW
RI XV ZRXOG KDYH QR LGHD KRZ WR PDQDJH ZLWKRXW LW ,QWHUUXSWLRQV LQ VXSSO\ DUH
H[SHULHQFHG DV XQVXVWDLQDEOH PRPHQWV RI FULVLV 7KH SRVVLELOLW\ WKDW WKH VXSSO\ RI
HOHFWULFLW\ PLJKW HYHQWXDOO\ UXQ GU\ LV HYHU\ JRYHUQPHQW·V ZRUVW QLJKWPDUH DQG
XQGHUSLQV WKH JOREDO SROLWLFV RI HQHUJ\ 'R ZH EODPH HOHFWULFLW\ IRU KDYLQJ EURXJKW
XV WR WKLV VWDWH RI GHSHQGHQF\" &DQ ZH KROG LW UHVSRQVLEOH IRU WKH GLVHPSRZHU
PHQW RI FLWL]HQV IRU WKH HQWUDSPHQW RI WKHLU OLYHV ZLWKLQ D VWDWHVSRQVRUHG JULG
PDLQWDLQHG E\ FRUSRUDWLRQV" 2U GRHV LW RQ WKH FRQWUDU\ KROG WKH SRWHQWLDO IRU
HPDQFLSDWLRQ" ,V HOHFWULFLW\ JXLOW\ RU QRW JXLOW\" ,Q ZKDW IROORZV ZH EHJLQ ZLWK
WKH FDVH IRU WKH SURVHFXWLRQ 7KHQ ZH SUHVHQW WKH FDVH IRU WKH GHIHQVH <RX RXU
UHDGHUV DUH WKH MXU\ DQG ZH OHDYH WKH YHUGLFW IRU \RX WR GHFLGH
7+( &$6( )25 7+( 3526(&87,21
<RXU +RQRU
:H FKDUJH HOHFWULFLW\ ZLWK JURVV GHFHSWLRQ $LGHG DQG DEHWWHG E\ LWV FRU
SRUDWH VSRQVRUV ZKR VWDQG WR profit JUHDWO\ IURP WKH LOOXVLRQ HOHFWULFLW\ KDV³
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ZH DOOHJH³EHHQ FRPSOLFLW LQ WKH FRQVWUXFWLRQ DQG PDUNHWLQJ RI D FRXQWHUIHLW
UHDOLW\ 7KLV LV D ZRUOG GLYLGHG RQ LWVHOI WXUQHG RXWVLGH LQ DQG EDFN WR IURQW³
D ZRUOG LQ ZKLFK WKH HQHUJLHV IRUFHV PRYHPHQWV DQG PDWHULDO flows WKDW DUH
QHFHVVDU\ IRU WKH FRQWLQXDWLRQ RI OLIH KDYH EHHQ DOWHUQDWHO\ LPSULVRQHG RU H[SHOOHG
ORFNHG LQWR EODFN ER[HV EHKLQG ZKLWH ZDOOV RU XQGHU JUD\ SDYHPHQW VR DV WR
OHDYH D VSDFH RI FRQVXPSWLRQ purified RI DOO WUDFHV RI YLWDOLW\ DQG SRSXODWHG E\
OLIHOHVV DQG QHXWHUHG REMHFWV PHUH VLPXODFUD RI WKHLU UHDOOLIH FRXQWHUSDUWV ,Q
WKLV PDNHEHOLHYH ZRUOG WKLQJV ZRUN ZLWKRXW FDOOLQJ IRU SURGXFWLYH HIIRUW RQ WKH
SDUW RI WKHLU RSHUDWRUV WKHVH HIIRUWV DUH DSSOLHG ZLWKRXW ERGLO\ FRQWDFW ZLWK
PDWHULDOV DW WKH SRLQW RI DSSOLFDWLRQ DQG DUH SHUFHLYHG ZLWKRXW VHQWLHQW HQJDJH
PHQW LQ WKH DFW RI SHUFHSWLRQ
)LJXUH  7KH DSSHDUDQFH RI D VZLWFK DQG WKH JHVWXUH HQWDLOHG LQ LWV RSHUDWLRQ JLYH QR FOXH DV
WR WKH FRQYROXWHG DQG YRODWLOH KXPDQ DQG PDFKLQH ZRUN UHTXLUHG WR EULQJ OLJKW WR D URRP
3KRWR E\ 0LNH $QXVDV
3ODFHG LQ WKLV ZRUOG WKH KXPDQ EHLQJ LV configured DV DQ LQGLYLGXDO FRQVXPHU
ZKRVH OLIH LV FDUULHG RQ ZLWKLQ D EXEEOH SURWHFWHG IURP DQ\ GLUHFW LQWHUFKDQJH
ZLWK WKH HQYLURQPHQW 2XWVLGH WKH EXEEOH KRZHYHU³DQG ODUJHO\ EH\RQG WKH
DZDUHQHVV RI WKH FRQVXPHU³WKHUH OLHV D PDVVLYH DSSDUDWXV RI SRZHU JHQHUDWLRQ
DQG WUDQVPLVVLRQ RQ ZKLFK WKH VXVWHQDQFH RI WKH LOOXVLRQ GHSHQGV +HUH VRPH RI
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WKH PRVW JLJDQWLF IHDWV RI KXPDQ HQJLQHHULQJ JUDSSOH ZLWK WKH HOHPHQWDO IRUFHV
RI QDWXUH³ZLWK HDUWK DLU fire, DQG ZDWHU³LQ WKH FRPEXVWLRQ RI FRDO PLQHG
IURP WKH GHSWKV LQ WKH GDPPLQJ RI JUHDW ULYHUV LQ KXJH WXUELQHV VHW XS DJDLQVW
WKH ZLQG DQG LQ UHDFWRUV WKDW XQOHDVK WKH YHU\ HQHUJLHV FRQGHQVHG LQ PDWWHU
7KH PRUH WKH LOOXVLRQ KDV WDNHQ KROG WKH JUHDWHU WKH VFDOH RI WKH LQWHUYHQWLRQV
UHTXLUHG WR VXVWDLQ LW WR WKH SRLQW WKDW WKH FRQVHTXHQFHV RI WKHVH LQWHUYHQWLRQV
FRXOG LQDXJXUDWH D QHZ JHRORJLFDO HUD LQ WKH KLVWRU\ RI RXU SODQHW RQH RI XQWROG
GHVWUXFWLRQ
:H GUDZ DWWHQWLRQ WR IRXU NH\ HQWDLOPHQWV RI electrification. 7KHVH DUH
UHPRWHQHVV FRQGXFWLRQ LQVXODWLRQ DQG VHQVRULDO VXEWOHW\ 7KH first—remoteness—
signifies D UDGLFDO WUDQVIRUPDWLRQ LQ WKH UHODWLRQVKLS EHWZHHQ JHQHUDWLRQ DQG DS
SOLFDWLRQ 2QFH IXVHG LQ WKH VDPH VLWH WKH\ KDYH EHHQ FDVW WR WKH WZR H[WUHPLWLHV
RI D OLQH &RQVLGHU RQH REYLRXV H[DPSOH 7KH FRDO RU ZRRGEXUQLQJ ORFRPRWLYH
FDUULHV DQ RQERDUG fire WKDW KHDWV WKH ZDWHU LQ LWV ERLOHU FUHDWLQJ WKH VWHDP
SUHVVXUH WKDW GULYHV LWV SLVWRQV DQG ZKHHOV 7R NHHS WKH fire EXUQLQJ WKH ORFR
PRWLYH·V fireman KDV FRQWLQXDOO\ WR EH VKRYHOLQJ FRDO RU ORJV IURP D WHQGHU DW WKH
UHDU $V LW KXUWOHV DORQJ WKH WUDFNV WKH HQJLQH LV OLNH DQ HYHUH[SORGLQJ ERPE LQ
ZKLFK IXHO fire, SUHVVXUH DQG NLQHWLF HQHUJ\ DUH DOO UROOHG LQWR RQH :KHQ VWHDP
SRZHU JDYH ZD\ WR GLHVHO WKH fireman’s MRE ZDV UHQGHUHG REVROHWH QHYHUWKHOHVV
WKH ORFRPRWLYH ZDV VWLOO WDQNHG ZLWK LWV RZQ VXSSO\ RI IXHO WKH FRQWUROOHG LJQLWLRQ
RI ZKLFK WRRN SODFH GHHS LQVLGH WKH ERZHOV RI WKH HQJLQH 7KH HOHFWULF ORFRPRWLYH
E\ FRQWUDVW LV OLNH WKH PRELOH DQG H[HFXWLYH DUP RI D YDVW DSSDUDWXV ZKRVH
WHQWDFOHV H[WHQG WKURXJKRXW WKH UDLO QHWZRUN )LUHV VWLOO EXUQ EXW LQ SODFH RI D
JUHDW PDQ\ VPDOO fires, RQH LQ HDFK HQJLQH WKHUH DUH QRZ D IHZ HQRUPRXV fires,
FRQVXPLQJ IXHO SULQFLSDOO\ FRDO RQ D SUHYLRXVO\ XQLPDJLQDEOH VFDOH LQ FRORVVDO
LQGXVWULDO FRPSOH[HV NQRZQ DV SRZHU VWDWLRQV <HW WKH FRORVVXV KDV EHHQ GLV
PHPEHUHG IRU ZLWK LWV JHQHUDWLYH ERG\ VHYHUHG IURP LWV OLPEV DW WKHLU PXOWLSOH
SRLQWV RI DSSOLFDWLRQ LW UHVSRQGV RQO\ FOXPVLO\ WR WKHLU PDFKLQDWLRQV &RQQHFWLQJ
ERG\ DQG OLPEV³WKDW LV WKH VWDWLRQ DQG DOO WKH HQJLQHV WKDW LW SRZHUV³DUH
RYHUKHDG FDEOHV IURP ZKLFK HYHU\ ORFRPRWLYH SLFNV XS FXUUHQW DV LW PRYHV 7KHVH
DUH OLQHV RI FRQGXFWLRQ
&RQGXFWLRQ LV D FRUROODU\ RI UHPRWHQHVV ,I WKH VLWHV RI JHQHUDWLRQ DQG DS
SOLFDWLRQ DUH UHPRYHG IURP RQH DQRWKHU WKHQ WKH\ PXVW EH FRQQHFWHG E\ OLQHV
SK\VLFDOO\ FDSDEOH RI FRQYH\LQJ SRZHU IURP WKH JHQHUDWLYH VRXUFH WR WKH SRLQW RI
FRQVXPSWLRQ :KLOH RQ WKH UDLOZD\ WKHVH FRQQHFWLQJ OLQHV DUH FDEOHV RU VRPH
WLPHV FRQGXFWLQJ UDLOV IRU VWDWLRQDU\ DSSOLFDWLRQV WKH\ DUH PRUH FRPPRQO\ ZLUHV
7KXV WKH FRQVHTXHQFH RI electrification KDV EHHQ WKH ZLULQJ RI WKRVH EODFNER[HG
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)LJXUH  7KH FRQGXFWLRQ RI HOHFWULFLW\ LV FRQFHDOHG QRW RQO\ E\ FRYHULQJ XS EXW DOVR E\
UHPRWH SRVLWLRQLQJ (OHFWULFLW\ OLQHV RIWHQ UXQ KLJK RYHUKHDG DFURVV XQSRSXODWHG DUHDV VR DV
WR EH DV IDU DV SRVVLEOH IURP WKH VSKHUH RI HYHU\GD\ SHUFHSWLRQ 3KRWR E\ ,DQ %ULWWRQ
https://www.flickr.com/photos/freefoto/4635123089/in/photolist-84AdBk-6j6GCU
LQWHULRUV DQG ZKLWHZDVKHG JUD\SDYHG H[WHULRUV WKDW ERXQG WKH VLPXODFUDO VSDFHV
RI FRQVXPSWLRQ %XW DV ZLULQJ EHFDPH D FRQGLWLRQ IRU PDLQWDLQLQJ WKHVH ODWWHU
VSDFHV VR WKH\ LQ WXUQ ZHUH UHQGHUHG ZLUHOHVV 7KH ZLUHV WKDW VXVWDLQ WKH EXEEOH
WKH FRQVXPHU LQKDELWV UHPDLQ ODUJHO\ RXW RI VLJKW IRU ZHUH WKH\ WR EH VHHQ WKH
EXEEOH ZRXOG LPPHGLDWHO\ EXUVW 7KDW LV ZK\ FRUSRUDWH GHVLJQ DQG DUFKLWHFWXUDO
SUDFWLFH KDYH JRQH WR VXFK OHQJWKV WR KLGH WKHP ,W PD\ EH WKDW ZH KDYH WR SOXJ
RXU DSSOLDQFHV LQ EXW ZKDW WDNHV SODFH RQ WKH RWKHU VLGH RI WKH VRFNHW LV IRU WKH
PRVW SDUW EH\RQG RXU DZDUHQHVV RU FRPSUHKHQVLRQ ,Q WKH GHVLJQ RI DSSOLDQFHV
WRR WKH ZLULQJ LV JHQHUDOO\ KLGGHQ ZLWKLQ RSDTXH DQG RIWHQ VPRRWK VKLQ\ FRY
HULQJV 7KXV WKH ZRUOG WKH FRQVXPHU SHUFHLYHV LV RQH RI VXUIDFHV UDWKHU WKDQ OLQHV
RI RFFOXVLRQ UDWKHU WKDQ HQWDQJOHPHQW RI REMHFWV UDWKHU WKDQ WKLQJV 7KH WKLQJ LV
D JDWKHULQJ RI IRUFHV HQHUJLHV DQG PDWHULDOV LW GUDZV XV LQ %XW WKH REMHFW WXUQV
LWV EDFN WR XV VKLHOGLQJ RXU SHUFHSWLRQ IURP WKH PHVVLHU DVSHFWV RI WKH ZRUOG
Electrification WKXV EULQJV DERXW D GLYLVLRQ EHWZHHQ OLQHV RI FRQGXFWLYLW\ DQG
VXUIDFHV RI RFFOXVLRQ $V WKH ODWWHU VKLQH LQ WKH OLPHOLJKW RI D WKHDWULFDOL]HG VSDFH
WKH IRUPHU OXUN EHKLQG WKH VFHQHV EHQHDWK WKH floorboards, LQ WKH SODVWHULQJ RI
ZDOOV RU LQ WKH KLGGHQ FRPSDUWPHQWV RI REMHFWV
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)LJXUH  +HUH LQ D PRGHUQ office HQYLURQPHQW OLQHV RI HOHFWULFDO FRQGXFWLYLW\ DUH KLGGHQ LQ
DQ RYHUKHDG YRLG :H RQO\ FDWFK VLJKW RI VXFK OLQHV ZKHQ PDLQWHQDQFH LV QHHGHG briefly
UHYHDOLQJ D ZRUOG RI WKUHDGHG FXUUHQWV 3KRWR E\ 0LNH $QXVDV
,I HOHFWULFLW\ LV WR EH FRQWULYHG WR flow DORQJ OLQHV KRZHYHU WKHQ WKHVH OLQHV
PXVW EH LQVXODWHG RU³IDLOLQJ WKDW³VXVSHQGHG RU VXSSRUWHG LQ VXFK D ZD\ WKDW
WKH\ FDQ KDYH QR FRQWDFW ZLWK WKH HDUWK /LNH EORRG IURP WKH GLVPHPEHUHG ERG\
HOHFWULFLW\ ZRXOG VSLOO RXW DQG EH ORVW ZHUH LW QRW FKDQQHOHG ZLWKLQ DUWHULDO ZDOOV
WKDW FRQVWUDLQ LWV OLQHDO flow DQG EORFN LWV ODWHUDO HVFDSH ,Q WKLV UHJDUG FRQGXFWLRQ
DQG LQVXODWLRQ DUH WZR VLGHV RI WKH VDPH FRLQ %XW OLNH FRQGXFWLRQ LQVXODWLRQ DOVR
KDV D EURDGHU significance, IRU LW VHWV XS D EDUULHU WKDW SUHYHQWV PDWHULDO FRQWDFW
RI DQ\ NLQG ZLWKLQ WKH VSDFHV RI FRQVXPSWLRQ EHWZHHQ XVHUV DQG WKH ZRUOG
EH\RQG ,Q HIIHFW LW LV LQVXODWLRQ WKDW VHDOV WKH ZDOOV RI WKH EXEEOH $Q\ EUHDFK
LV FRQVLGHUHG D WKUHDW WR OLIH DQG OLPE ZKLOH HYHU\ VHDOHG VSDFH RU PDQXIDFWXUHG
DSSOLDQFH FRPHV ZLWK ZDUQLQJV DFFRPSDQLHG E\ ]LJ]DJ LFRQV RI WKH GLUH FRQVH
TXHQFHV RI GLVREH\LQJ LQVWUXFWLRQV QRW WR WDPSHU ZLWK WKH LQQHU ZRUNLQJV RI WKLQJV
RU WR WUHVSDVV EH\RQG DSSURYHG OLPLWV (OHFWULFLW\ IHQFHV XV LQ DQG WKURXJK LWV
FDSDFLW\ WR VKRFN LW HQDEOHV WKH SRZHU DW WKH FHQWHU ZKLFK FRQWUROV WKH VXSSO\
WR H[HUW DQ LQYLVLEOH JULS RQ RXU DFWLYLW\ 7KLV JULS LV FRPPRQO\ NQRZQ DV VHFXULW\
$Q\RQH ZKR EUHDFKHV VHFXULW\ ULVNV HOHFWURFXWLRQ 7R NHHS VDIH FRQVXPHUV PXVW
UHPDLQ ZLWKLQ WKH LQVXODWLRQ RI WKHLU EXEEOHV RQ WKHLU RZQ ORFNHG LQWR WKH
LQGLYLGXDO VDWLVIDFWLRQ RI WKHLU SULYDWH SDVVLRQV Electrification PD\ QRW EH WKH FDXVH
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)LJXUH  )RU HOHFWULFLW\ WR UHDFK SRSXODWHG GHVWLQDWLRQV LWV OLQHV PXVW RIWHQ GHVFHQG IURP WKH
VN\ VHWWOH LQWR WKH JURXQGV RI HYHU\GD\ KDELWDWLRQ DQG WUDQVIRUP LWV VWDWH SULRU WR JRLQJ
XQGHUJURXQG RQ LWV ZD\ WRZDUGV DQG LQWR GZHOOLQJV +RZHYHU WKH VHWWOLQJ SURFHVV FDQ EH
YRODWLOH OLIH PXVW EH ZDUQHG RII RU ULVN H[WHUPLQDWLRQ 6XFK ZDUQLQJV RIWHQ HPSOR\ D KLJK
FRQWUDVW JUDSKLF GHSLFWLRQ RI D KXPDQ PHHWLQJ WKHLU GHPLVH XQGHU D PHUFLOHVV LFRQ EDVHG RQ
WKH LPDJH RI WKH OLJKWQLQJ VWULNH 3KRWR E\ 0LNH $QXVDV
RI WKH IHHOLQJ RI SHUVRQDO LVRODWLRQ WKDW LV VR SHUYDVLYH LQ PRGHUQ OLIH 2XU FKDUJH
KRZHYHU LV WKDW LW KDV DW OHDVW FRQWULEXWHG WR WKLV IHHOLQJ E\ IUHLJKWLQJ ZLWK GDQJHU
DQ\ FRQWDFW ZLWK PDWHULDOV EH\RQG WKH artificially VXVWDLQHG FRPSDUWPHQWV LQ ZKLFK
OLYHV DUH FRQWDLQHG %HIRUH HOHFWULFLW\ KXPDQ OLYHV ZHUH FRQGXFWHG ZLWK DQG
WKURXJK PDWHULDOV %XW postelectrification, WKH PRUH FRQGXFWLYH PDWHULDOV DUH WKH
OHVV ZH VKRXOG KDYH FRQWDFW ZLWK WKHP
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,W LV LWV VHQVRULDO VXEWOHW\ WKDW DOORZV HOHFWULFLW\ WR H[HUW LWV KROG VR LPSHU
FHSWLEO\ DQG ZLWK VXFK SUHFLVLRQ 1RW RQO\ FDQ LWV PDWHULDO DSSDUDWXV ZUDSSHG
LQ LQVXODWLRQ EH UHDGLO\ KLGGHQ IURP YLHZ LW FDQ DOVR EH UHQGHUHG DOO EXW LP
SHUYLRXV WR RWKHU VHQVHV RI KHDULQJ WRXFK DQG VPHOO 7KLV LV SDUWO\ GXH WR WKH
SURSHUW\ RI UHPRWHQHVV IRU MXVW DV WKH VLWH RI DSSOLFDWLRQ LV UHPRYHG IURP WKDW
RI JHQHUDWLRQ VR LW LV DOVR UHPRYHG IURP WKH VLJKWV VRXQGV DQG VPHOOV RI WKH
LQGXVWULDO SRZHU VWDWLRQ 7KXV HOHFWULFLW\ LV RGRUOHVV EHFDXVH WKH QR[LRXV IXPHV
UHOHDVHG IRU H[DPSOH WKURXJK EXUQLQJ FRDO DUH FRQFHQWUDWHG DW WKHLU VRXUFH IDU
IURP WKH SRLQW RI FRQVXPSWLRQ ,W LV QRLVHOHVV DJDLQ EHFDXVH WKH FKXUQ RI WXUELQHV
HFKRHV QRW LQ WKH KRPH RU WKH office EXW LQ GLVWDQW KLOOV DQG GDOHV RU UHPRWH
FRDVWOLQHV ZKHUH ZLQG K\GURHOHFWULF RU QXFOHDU IDFLOLWLHV DUH W\SLFDOO\ ORFDWHG
(OHFWULF FXUUHQW PDNHV QR VRXQG DV LW SDVVHV GRZQ WKH ZLUH SXW \RXU HDU WR D
FDEOH DQG \RX KHDU QRWKLQJ³XQWLO D VXGGHQ VKDUS FUDFN ZDUQV RI DQ HVFDSH VKRUW
FLUFXLW RU OLJKWQLQJ VWULNH $V IRU WRXFK LQVXODWLRQ PLOLWDWHV DJDLQVW LW 7KHUH DUH
WKLQJV ZH PLJKW DYRLG WRXFKLQJ³VKDUGV RI EURNHQ JODVV KRW FRDOV WKH URWDWLQJ
EODGHV RI D PRWRUL]HG FXWWHU³EHFDXVH WKH\ JLYH HLWKHU YLVXDO RU DXGLWRU\ ZDUQLQJ
RI WKH GDQJHUV WKH\ SUHVHQW %XW HOHFWULF FXUUHQW GRHV QRW GUDZ DWWHQWLRQ WR LWVHOI
7KH OLYH ZLUH JLYHV QR KLQW RI WKH FKDUJH LW FDUULHV (OHFWULFLW\ LV WUHDFKHURXV
GHFHLWIXO 7KDQNV WR LWV VHQVRULDO VXEWOHW\ LW FDQ KROG XV IDVW ZLWKLQ WKH JULG
ZLWKRXW RXU NQRZLQJ $QG SUHFLVHO\ EHFDXVH HOHFWULFLW\ LV VR LQVHQVLEOH LW LV KDUG
LI QRW LPSRVVLEOH IRU FRQVXPHUV WR WUDFH LWV FXUUHQWV :H VHH RXUVHOYHV DV XVHUV
RI HTXLSPHQW QRW RI HQHUJ\ FRQFHQWUDWLQJ RQ REVROHVFHQFH DQG ZHDU DQG WHDU
UDWKHU WKDQ RQ WKH flows WKDW VXVWDLQ RXU HQJLUGOHG OLYHV
:LWK WKDW ZH UHVW RXU FDVH
7+( &$6( )25 7+( '()(16(
<RXU +RQRU
(OHFWULFLW\ LV QRW WR EODPH IRU WKH GHFHSWLRQ ZLWK ZKLFK LW KDV EHHQ FKDUJHG
,W LV D SURSHUW\ QRW RI FRUSRUDWLRQV EXW RI OLIH³RI OLIH PRUHRYHU WKDW LV QRW
confined WR WKH RUJDQLF GRPDLQ EXW WKDW EULQJV YLWDOLW\ WR WKH HQWLUH PDWHULDO
XQLYHUVH ,QGHHG E\ UHFODLPLQJ LW IURP WKH FRUSRUDWH VSKHUH DQG E\ FUHDWLYHO\
UHWUDFLQJ LWV influences RQ DQG confluences ZLWK RXU HYHU\GD\ SUDFWLFH ZH ZRXOG
GLVFRYHU WKDW HOHFWULFLW\ DFWXDOO\ KDV WKH SRWHQWLDO WR XQGR WKH YHU\ GLYLVLRQ EH
WZHHQ UHDO DQG FRXQWHUIHLW ZRUOGV IRU ZKLFK WKH SURVHFXWLRQ KROGV LW UHVSRQVLEOH
UHVWRULQJ DQ HQKDQFHG DZDUHQHVV RI WKH flows RI PDWHULDOV DQG HQHUJ\ LQ ZKLFK
DOO SUDFWLFH QHFHVVDULO\ VXEVLVWV +HUH ZH HQOLVW DQWKURSRORJ\ WR RXU FDXVH :LWK
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LWV XQLTXH SHUVSHFWLYH RQ WKH SDVW DQG SUHVHQW LQ WKH FRQWLQXDO UHVKDSLQJ RI OLIH
DQWKURSRORJ\ KDV D FULWLFDO UROH WR SOD\ LQ WKH UHVWRUDWLRQ RI WKLV DZDUHQHVV
:H XUJH \RX WR VWHS EDFN DQG FRQVLGHU ZKHUH HOHFWULFLW\ FRPHV IURP :DV
LW FRQFHLYHG LQ FRUSRUDWH ERDUGURRPV WR IDFLOLWDWH GHFHSWLYH LQWHQWLRQV DV WKH
SURVHFXWLRQ DOOHJHV" :DV LW HQJLQHHUHG LQWR WKH ZRUOG WR EXWWUHVV WKHVH LQWHQWLRQV"
$EVROXWHO\ QRW (OHFWULFLW\ KDV QR SRLQW RI RULJLQ HLWKHU LQ GHVLJQ RU H[HFXWLRQ
UDWKHU LW LV IXQGDPHQWDO WR WKH FRQVWLWXWLRQ RI PDWWHU RI HQHUJ\ LQGHHG RI OLIH
LWVHOI )URP WKH DVWURSK\VLFDO SODVPDV RI WKH XQLYHUVH WR WKH QHXURORJLFDO V\QDSVHV
RI OLYLQJ RUJDQLVPV HOHFWULFLW\ LV DEXQGDQW DQG FRQWLQXDOO\ VR :LWK RU ZLWKRXW
WKH SUHVHQFH RU H[LVWHQFH RI KXPDQ EHLQJV LW LV LQWULQVLF WR WKH VHQVRU\ SHUFHSWLRQ
DQG VNLOOHG DFWLRQ RI FRXQWOHVV QRQKXPDQ DQLPDOV ZKHWKHU LQ WKH IRUP RI HOHF
WURUHFHSWLRQ³WKH DELOLW\ WR GHWHFW HOHFWULFDO VWLPXOL LQ WKH HQYLURQPHQW ZKLFK
PDQ\ DQLPDOV XVH IRU finding WKHLU ZD\ DURXQG DQG IRU GHWHFWLQJ WKH SUHVHQFH RI
RWKHU RUJDQLVPV RI WKH VDPH RU GLIIHUHQW VSHFLHV RU RI ELRHOHFWURJHQHVLV³HQ
DEOLQJ WKHP IRU H[DPSOH WR GHIHQG WKHPVHOYHV RU WR VWXQ SUH\ E\ PHDQV RI
HOHFWULFDO SXOVHV WKDW WKH\ KDYH WKHPVHOYHV SURGXFHG 7KURXJKRXW WKH ORQJ GDZQ
RI KXPDQ SUHKLVWRU\ RXU DQFHVWRUV ZRXOG KDYH HQFRXQWHUHG HOHFWULFLW\ LQ JXLVHV
TXLWH GLIIHUHQW IURP WKH ZLUHG DQG JULGGHG QHWZRUNV RI WRGD\ )DU IURP EHLQJ
FKDQQHOHG DORQJ QDUURZ OLQHV LW ZDV VXIIXVHG WKURXJKRXW HDUWK DQG DWPRVSKHUH
ERUQ RI WKH IULFWLRQ RI PDWHULDOV 2I FRXUVH HOHFWULFLW\ VWLOO PDNHV LWV SUHVHQFH IHOW
LQ WKHVH JXLVHV IRU H[DPSOH LQ WKH OLJKWQLQJ RI D VWRUP RU WKH conflagrations WKDW
FDQ UHVXOW ZKHQ D EROW VWULNHV WKH JURXQG <HW DV UHDO PDQLIHVWDWLRQV RI HOHF
WULFLW\ VXFK SKHQRPHQD KDYH EHHQ H[SXQJHG IURP PRGHUQ FRQVFLRXVQHVV OHDYLQJ
D WUDFH RQO\ LQ WKHLU LFRQLF UHSUHVHQWDWLRQV VXFK DV LQ WKH OLJKWQLQJOLNH ]LJ]DJ
WKDW UHSUHVHQWV OLYH FXUUHQW RU LQ WKH VXLWH RI KRUL]RQWDO OLQHV GLPLQLVKLQJ LQ
OHQJWK ZLWK GHSWK E\ PHDQV RI ZKLFK ZH VLJQLI\ WKH HDUWK
(OHFWULFLW\ ZH FRQWHQG LV first DQG IRUHPRVW D SURSHUW\ RI PDWHULDOV DV LQ
WKHLU PRYHPHQW WKH\ UXE DJDLQVW RQH DQRWKHU ,W ZDV LQ WKH FRXUVH RI WKH LQTXLV
LWLYH PRYHPHQWV RI KXPDQ EHLQJV LQ UXEELQJ XS DJDLQVW WKH PDWHULDOV WKH\ ZRUNHG
ZLWK WKDW HOHFWULFLW\ EHJDQ WR SOD\ LWV SDUW LQ KLVWRULHV DQG JHRJUDSKLHV RI FXOWXUH
5HFDOO WKDW WKH WHUP LWVHOI FRPHV IURP WKH &ODVVLFDO *UHHN HOHNWURQ PHDQLQJ
DPEHU ,W ZDV WKH SK\VLFLDQ DQG QDWXUDO SKLORVRSKHU :LOOLDP *LOEHUW  LQ
KLV WUHDWLVH RI  HQWLWOHG 'H 0DJQHWH ZKR LQWURGXFHG WKH WHUP HOHFWULFLW\ WR
PHDQ ´DPEHUOLNHµ *LOEHUW KDG QRWLFHG WKDW OXPSV RI DPEHU ZKHQ UXEEHG HPLW
D NLQG RI effluvium WKDW DWWUDFWV RWKHU REMHFWV WR WKHP DV LI JOXHG WR WKHLU VXUIDFHV
:KDW KH GLG QRW NQRZ ZDV WKDW WKLV effluvium—which ZH QRZ UHFRJQL]H DV
HOHFWURVWDWLF FKDUJH³LV FRPPRQ WR DOO PDWHULDOV ZKRVH VXUIDFHV REVHUYHG XS
CULTURAL ANTHROPOLOGY 30:4
548
)LJXUH  7KH RFFXUUHQFH RI DQ HOHFWULFDO VWRUP LV D YLYLG UHPLQGHU WKDW WKH DWPRVSKHUHV
DURXQG XV DUH DOZD\V IXOO RI HOHFWULFDO SRWHQWLDO 3KRWR E\ - 3 0DUTXLV
KWWSVFRPPRQVZLNLPHGLDRUJZLNL)LOH/LJKWQLQJBRYHUB4XHEHFMSJ
FORVH DUH QRW LQ IDFW KRPRJHQHRXV DQG LPSHUYLRXV EXW UDWKHU LQWULFDWHO\ PHVKHG
RSHQ WR H[FKDQJH DQG WUDQVIRUPDWLRQ :KHQHYHU PDWHULDOV RI DQ\ NLQG DUH WKURZQ
LQWR D IULFWLRQDO HQJDJHPHQW WKHUH LV DQ LQWHUFKDQJH DFURVV WKHLU WKUHVKROGV DQG
GLVSHUVDO LQWR WKH VXUURXQGLQJ PHGLXP LQ WKLV DPEHU LV QR H[FHSWLRQ /LNH RWKHU
HOHFWURVWDWLF PDWHULDOV LW KROGV WKH SRWHQWLDO WR WUDQVIRUP DFURVV VWDWHV RI PDWWHU
DQG HQHUJ\ %HLQJV HTXLSSHG ZLWK QHUYRXV V\VWHPV³LQFOXGLQJ KXPDQ EHLQJV³
FDQ VHQVH WKHVH WUDQVIRUPDWLRQV LQ WKH confluence RI ERGLHV PDWHULDOV DQG PHGLD
LQ WKH FRQFHUWHG PRYHPHQWV RI IHHOLQJ IRUDJLQJ DQG IRUJLQJ WKHLU ZD\V WKURXJK
WKH HQYLURQPHQW ,Q WKLV SUDFWLFH RI OLIH HOHFWULFLW\ KDV EHHQ DFWLYH WKURXJKRXW WKH
HRQV RI RUJDQLF HYROXWLRQ
2Q VXFK DQ HYROXWLRQDU\ WLPHVFDOH WKH SHULRG RI HOHFWULFLW\·V LQFDUFHUDWLRQ
ZLWKLQ WKH JULG DPRXQWV WR QR PRUH WKDQ WKH EOLQN RI DQ H\H )RU WKH PRVW SDUW
DV D IUHHO\ GLVWULEXWHG SURSHUW\ RI WKH PDWHULDO ZRUOG LWV HIIHFWV KDYH EHHQ FORVH
WR UDWKHU WKDQ UHPRWH IURP LWV JHQHUDWLYH VRXUFHV ,W FRXOG QRW EH FRQGXFWHG RYHU
DQ\ DSSUHFLDEOH GLVWDQFH DQG unconfined E\ LQVXODWLRQ LW ZDV UHDGLO\ DYDLODEOH WR
EH SLFNHG XS E\ WKH VHQVHV RI OLYLQJ RUJDQLVPV SULPHG WR GR VR 7KXV UHPRWHQHVV
FRQGXFWLRQ LQVXODWLRQ DQG VHQVRULDO VXEWOHW\ DUH QRW SURSHUWLHV RI HOHFWULFLW\ DV
VXFK EXW RQO\ RI WKH ZD\ LQ ZKLFK LW KDV EHHQ HQJLQHHUHG GXULQJ WKH PDFKLQH
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DJH WR VXSSRUW SURMHFWV RI ODUJHVFDOH FRQWURO RYHU SHRSOH DQG UHVRXUFHV 7KXV LW
LV QRW HOHFWULFLW\ WKDW KDV FUHDWHG D FRXQWHUIHLW ZRUOG EXW WKH FRRSWDWLRQ RI
HOHFWULFLW\ LQ WKH VHUYLFH RI FRUSRUDWH LQGXVWU\ DQG WKH QHROLEHUDO VWDWH 0RUHRYHU
HYHQ LI ZH DFFHSW DV RXU SRLQW RI GHSDUWXUH WKH FRQGLWLRQV RI WRGD\·V ZLUHG ZRUOG
WKHUH LV QR UHDVRQ WR VXSSRVH WKDW ZLULQJ PXVW KDYH WKH FRQVHTXHQFHV WKDW WKH
SURVHFXWLRQ DWWULEXWHV WR LW 7R EH VXUH LI FXUUHQW LV WR EH SDVVHG DORQJ ZLUHV
WKHQ WKLV UHTXLUHV ERWK FRQGXFWLRQ DQG LQVXODWLRQ %XW HOHFWULFLW\ GRHV QRW GHWHU
PLQH WKDW WKHVH ZLUHV VKRXOG EH KLGGHQ RU WKDW WKH VSDFHV RI GZHOOLQJ VKRXOG EH
PDGH WR DSSHDU ZLUHOHVV 2Q WKH FRQWUDU\ WKH ZLULQJ RI WKH ZRUOG PDNHV LW
SRVVLEOH WR IROORZ WKH SDWKV RI FRQGXFWLYLW\³RI PDWHULDO H[FKDQJHV DQG HQHUJ\
flows—to D GHJUHH XQSDUDOOHOHG E\ RWKHU IRUPV RI HQHUJ\ :H FDQ WUDFH WKHVH
SDWKV DV WKH\ FXW WKURXJK VXUIDFHV DQG ZHDYH LQ DQG DURXQG REMHFWV
$V ZH GR VR ZH XQGHUJR D UDGLFDO FKDQJH RI SHUVSHFWLYH 2EMHFWV EHJLQ WR
XQUDYHO DV WKHLU FRQWHQWV VSLOO IRUWK ZDOOV floors, DQG FHLOLQJV DSSHDU SHUPHDEOH
UDWKHU WKDQ VROLG DV ZLUHV SDVV WKURXJK WKHP XQLPSHGHG 3OXJV DQG VRFNHWV
FRPH WR PDUN FRQQHFWLRQV DORQJ D FLUFXLW QRW LPSHQHWUDEOH LQWHUIDFHV EHWZHHQ
LQVLGH DQG RXWVLGH (YHQ RXWGRRUV LQ WKH WRZQ RU FLW\ WKH OLQHV RI HOHFWULFDO
FRQGXFWLRQ ZHQG LQ DQG DURXQG KRXVHV DERYH DQG EHORZ VWUHHWV $V WKH\ DSSURDFK
PRUH RSHQ ODQGVFDSHV WKH\ ULVH XS WKURXJK WKH JURXQG VXUIDFH ZKLFK DOVR VHHPV
OHVV KDUG DQG LPSHUPHDEOH WKDQ EHIRUH 7KH\ JR WKHLU RZQ ZD\ XQKDPSHUHG E\
REVWDFOHV DQG VXSSRUWHG E\ KLJKOHYHO VWUXFWXUHV DW WKH SHULSKHU\ RI HYHU\GD\
SHUFHSWLRQ 7KHVH DUH SRZHU OLQHV DQG ZH FDQ IROORZ WKHP WR WKHLU VRXUFHV LQ
WKH SXOYHUL]DWLRQ DQG FRPEXVWLRQ RI FRDO WKH LJQLWLRQ RI QDWXUDO JDV WKH fission
RI VXEDWRPLF QXFOHL DQG WKH KDUQHVVLQJ RI WKH DHULDO flows RI ZLQG RU WKH JUDYL
WDWLRQDO flows RI ZDWHU RYHU GDPPHG IDOOV $OO WKHVH SK\VLFDO SURFHVVHV DUH GLUHFWO\
GHVFHQGHG IURP WKH PRVW IXQGDPHQWDO SURFHVVHV RI OLIH ZKHWKHU WKH LQWHQVH
FRPSUHVVLRQ RI RQFHOLYLQJ RUJDQLVPV RYHU JHRORJLFDO WLPH RU WKH FKDQQHOLQJ RI
SODQHWDU\ IRUFHV DQG PHGLD RU WKH FRQVWLWXWLYH SURFHVVHV RI PDWWHU LWVHOI ,Q WUDFLQJ
WKH PDWHULDO OLQHDJHV RI HQHUJHWLF FRQGXFWLRQ ZH ZHDYH LQ DQG RXW ERWK VSDWLDOO\
DQG WHPSRUDOO\ FURVVLQJ WKH ERXQGDULHV EHWZHHQ SHUVRQV RU REMHFWV DQG HQYLURQ
PHQW DQG EHWZHHQ OLYLQJ DQG QRQOLYLQJ :H EHJLQ WR SHUFHLYH WKH PDWHULDO ZRUOG
DV FRQVLVWLQJ QRW RI GLVFUHWH HQWLWLHV ZLWK ERXQGHG LQWHULRUV EXW UDWKHU RI NQRWV
RU QRGHV LQ DQ HQHUJHWLF ZHDYH WKDW FULVVFURVVHV GLIIHUHQW VWDWHV RI PDWWHU DQG OLIH
ZLWKRXW EHJLQQLQJ RU HQG
,Q GHIHQVH RI HOHFWULFLW\ ZH FRQWHQG WKDW DOO RI WKH PRVW LPSRUWDQW XWLOLWLHV
RI RXU LQGXVWULDO DJH³KHDWLQJ FRROLQJ OLJKWLQJ WUDQVSRUWDWLRQ DQG WHOHFRP
PXQLFDWLRQV³UHO\ RQ WKH KXPDQ VNLOOV proficiencies, DQG PDWHULDOV RI DQ HQHUJHWLF
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)LJXUH  7KLV ZHQGLQJ RI ZLUHV LV SDUWLFXODUO\ DSSDUHQW LQ FRXQWULHV SURQH WR HDUWKTXDNHV
+HUH HOHFWULFDO FDEOHV FRQWLQXH WR EH ORRSHG WKURXJK WKH VN\ UDWKHU WKDQ XQGHUJURXQG RQ
WKHLU ZD\ WRZDUGV GZHOOLQJV 3KRWRJUDSK E\ 5D\ /XFDV
ZHDYLQJ )DU IURP UHGXFLQJ HYHU\WKLQJ WR REMHFWV HOHFWULFDO ZLULQJ JLYHV XV D
ZRUOG WKDW LV PRUH FRPSDUDEOH WR D ZRYHQ WH[WLOH ,I WKHUH DUH REMHFWV LQ WKLV
ZRUOG WKH\ DUH EXW DX[LOLDU\ WR WKH SULPDF\ RI WKH WH[WLOLF 7R EH VXUH WKHVH
REMHFWLYH DQG objectified DX[LOLDULHV PD\ EH IDU PRUH HYLGHQW WR RXU SHUFHSWLRQ
WKDQ WKH HQHUJHWLF WH[WLOLW\ WKDW VXVWDLQV RXU HYHU\GD\ OLIH 1HYHUWKHOHVV HOHFWULFLW\
PDNHV XV UHDOL]H WKDW LQ LWV IRUPV DQG LQ IRUPPDNLQJ SUDFWLFHV WKH ZRUOG LV QRW
VR PXFK EXLOW IURP EORFNV DV FRPPRQO\ VXSSRVHG DV LW LV ZRYHQ ,W LV WKH LGHD
RI EORFNEXLOGLQJ WKDW OHDGV XV WR WKLQN RI WKH EXLOW HQYLURQPHQW DV DQ REMHFWLYH
VXSHUVWUXFWXUH HUHFWHG RQ DQ LQIUDVWUXFWXUDO EDVH ,Q RXU GHIHQVH RI HOHFWULFLW\
KRZHYHU DQG LQ FRQVLGHUDWLRQ RI WKH SHUFHSWXDO ULFKQHVV RI LWV PDWHULDO DSSDUDWXV
ZH ZLVK WR OHDG D FKDUJH DJDLQVW WKH YHU\ LGHD RI LQIUDVWUXFWXUH )RU LQ ERWK WKH
LGHD DQG LWV UHDOL]DWLRQ LQIUDVWUXFWXUH HVWDEOLVKHV DQ XOWLPDWHO\ FRQWUROOLQJ DSSD
UDWXV ZKLFK VHFUHWO\ DQG LQFRQVSLFXRXVO\ RUJDQL]HV DQG GLUHFWV WKH FRXUVH RI
FRUSRUDWL]HG OLIH IURP EHQHDWK LQIUD WKH UHDOPV RI HYHU\GD\ DZDUHQHVV UHYHDOLQJ
LWVHOI WR RXU H[SHULHQFH RQO\ LQ WKH IRUP RI RXU GHSHQGHQF\ XSRQ LW
,Q RXU FKDUJH DJDLQVW LQIUDVWUXFWXUH ZH DGYDQFH D GHVLJQ DJHQGD WKDW ZRXOG
KDYH WKH SRWHQWLDO WR HQJDJH RXU SHUFHSWXDO SDUWLFLSDWLRQ LQ WKH HQHUJHWLF OLQHDJHV
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RI HYHU\GD\ OLIH ,W LV VWLOO WKH QRUP LQ LQGXVWULDO SURGXFW GHVLJQ WR WKLQN LQ WHUPV
RI HQFORVHG IRUPV RU ZDOOHGLQ VSDFHV ZKLFK UHIHU EDFN WR REMHFWRULHQWHG SHU
FHSWXDO IUDPHZRUNV VXFK DV WKRVH RI SHUVSHFWLYH DQG RUWKRJUDSKLF GUDZLQJ 7KH
VDPH LV WUXH RI PDLQVWUHDP FRPSXWHUDLGHG GHVLJQ V\VWHPV ZKLFK JHQHUDWH D
JHRPHWU\ EDVHG RQ FORVHGERXQGDU\ YROXPHV DQG SDUWDVVHPEO\ VWUXFWXUHV 0RUH
RYHU SURWRW\SHV DUH RIWHQ PDGH E\ ZRUNLQJ ZLWK UDZ PDWHULDOV VXSSOLHG LQ EORFN
RU F\OLQGULFDO IRUPV FXW WR FRPSRQHQW VKDSHV DQG DVVHPEOHG E\ FRQQHFWRUV DQG
VXUIDFHWRVXUIDFH DGKHVLRQ ,QGHHG LW LV difficult WR HVFDSH VXFK EORFNOLNH WKLQN
LQJ LQ LQGXVWULDO SUDFWLFH (OHFWULFLW\ ZH SURSRVH RIIHUV DQ HVFDSH URXWH )RU LQ
SODFH RI WKH EORFN LW DIIRUGV D WRSRORJ\ RI OLQHV D fluid VSDFH defined E\ FXUUHQWV
DQG FLUFXODWLRQV UDWKHU WKDQ E\ VXUIDFHV DQG YROXPHV 6XFK D WRSRORJ\ WUDQV
JUHVVLQJ WKH SHUFHSWXDO DQG PDWHULDO ERXQGDULHV RI WKH REMHFW PLJKW DOORZ IRU
WKH UHDOL]DWLRQ RI UDGLFDO QHZ IRUPV RI PDWHULDO SUDFWLFH³IRU H[DPSOH LQ WKH
ZHDYLQJ RI WH[WLOHV ZKRVH YHU\ WKUHDGV DUH FRQGXFWLYH fibers—so DV WR FUHDWH
FRPSRVLWLRQV RI HOHFWURQLF EHDXW\ DQG XWLOLW\
:LWK WKDW ZH UHVW RXU FDVH
6800,1* 83
*XLOW\ RU QRW JXLOW\" 'R ZH VLGH ZLWK WKH SURVHFXWLRQ LQ UHJDUGLQJ HOHFWULFLW\
DV DQ LQGXVWULDO SKHQRPHQRQ ODUJHO\ VKDSHG LQ WKH FRUSRUDWH VSKHUH RU ZLWK WKH
GHIHQVH LQ DVVHUWLQJ WKDW LW LV QR OHVV WKDQ D SHUYDVLYH SURSHUW\ RI WKH PDWHULDO
ZRUOG DQG RI OLIH LWVHOI DZDLWLQJ LWV LQWHOOHFWXDO UHFODPDWLRQ DV FUHDWLYH WUDFHV
ZLWKLQ RXU RZQ OLYHV" 'R ZH IROORZ WKH SURVHFXWLRQ LQ KLJKOLJKWLQJ WKH GLVWDQFH
EHWZHHQ WHUPLQDOV DW WKH SRLQWV RI JHQHUDWLRQ DQG DSSOLFDWLRQ RU WKH GHIHQVH LQ
GUDZLQJ DWWHQWLRQ WR WKH OLQHV WKDW UXQ EHWZHHQ WKHP" :KHUH WKH SURVHFXWLRQ
HPSKDVL]HV VXUIDFH RFFOXVLRQ WKH GHIHQVH HPSKDVL]HV HQWDQJOHPHQW IRU RQH WKH
FRQVXPHU LV HQFORVHG LQ D FRUQXFRSLD RI REMHFWV ZKLOH IRU WKH RWKHU WKH FRQVXPHU
LV DW WKH VDPH WLPH D SURGXFHU LQ D ZHDYH RI WKLQJV :KHUH WKH SURVHFXWLRQ OLQNV
VDIHW\ DQG VHFXULW\ WR LQVXODWLRQ IRU WKH GHIHQVH LW LV WKH FRQWLQXLW\ RI OLQHV WKDW
DIIRUGV WKH SRVVLELOLW\ IRU OLIH WR FDUU\ RQ 7KH SURVHFXWLRQ FKDUJHV HOHFWULFLW\ ZLWK
GHFHLW WKH GHIHQVH FRXQWHUV WKDW HOHFWULFLW\ KDV WKH FDSDFLW\ WR UHYHDO WKH WUXH
H[WHQW RI RXU HQHUJHWLF HQWDQJOHPHQWV HYHQ DV WKH\ ODXQFK DQ DOWHUQDWLYH FKDUJH
DJDLQVW LQIUDVWUXFWXUH IRU KDYLQJ NHSW WKHVH UHYHODWLRQV XQGHU ZUDSV :KHUHDV
IRU WKH SURVHFXWLRQ WKH HOHFWULFDO ZRUOG LV DOZD\V DOUHDG\ KDUGZLUHG IRU WKH
GHIHQVH WKH YHU\ LGHD RI KDUGZLULQJ LV WKH VRXUFH RI WKH SUREOHP ,Q WUXWK WKH\
DUJXH WKH ZLULQJ RI WKH ZRUOG LV SHUSHWXDOO\ LQ SURJUHVV LWV FRQWLQXDO FRQQHFWLRQ
GLVFRQQHFWLRQ DQG UHFRQQHFWLRQ PLUURUV ZKDW KDSSHQV LQ PLQGV LQ WKHLU RQJRLQJ
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QHXURORJLFDO configuration, DQG LQ ERGLHV LQ WKHLU HQGOHVV SURELQJ RI WKH QRRNV
DQG FUDQQLHV RI TXRWLGLDQ OLIH )LQDOO\ ZKHUH WKH SURVHFXWLRQ KROGV HOHFWULFLW\
UHVSRQVLEOH IRU KROGLQJ XV FDSWLYH LQ WKH JULG LW LV WKH YHU\ VHQVRULDO VXEWOHW\ RI
HOHFWULFLW\ DQG WKH SUHFLVLRQ ZLWK ZKLFK LW FDQ EH GHOLYHUHG³DFFRUGLQJ WR WKH
GHIHQVH³WKDW XQGHUSLQV WKH HPDQFLSDWRU\ KRSH RI UHDFWLYDWLQJ WKH FUHDWLYH SR
WHQWLDO RI WKH HQHUJHWLF WUDFH
/DGLHV DQG JHQWOHPHQ RI WKH MXU\ ZH DZDLW \RXU YHUGLFW
127(6
 $FFRUGLQJ WR 9LOHP )OXVVHU  ² GHFHSWLRQ DQG LOOXVLRQ DUH RI WKH HVVHQFH RI
GHVLJQ
 (OVHZKHUH ZH KDYH GHVFULEHG VXFK D ZRUOG WKURXJK GHWDLOHG FDVH VWXGLHV $QXVDV DQG
,QJROG 
 7KLV HUD KDV FRPH WR EH NQRZQ LQ SRSXODU ZULWLQJV DV WKH $QWKURSRFHQH &UXW]HQ DQG
6WRHUPHU 
 2Q WKH WUDQVLWLRQ IURP VWHDP WR HOHFWULFDO SRZHU VHH :DUUHQ 'HYLQH  RQ WKH
FUHDWLRQ RI WKH QHWZRUN VHH 7KRPDV +XJKHV 
 2Q WKH GRPHVWLF VRFLDO DQG SROLWLFDO KLVWRU\ RI WKH HOHFWULFDO SOXJ VHH )UHG 6FKURHGHU
 DQG 'DPRQ 7D\ORU 
 2Q WKLV SRLQW VHH 7LP ,QJROG  ² 7KLV GLVWLQFWLRQ EHWZHHQ WKLQJ DQG REMHFW
LV GUDZQ IURP WKH SKLORVRSK\ RI 0DUWLQ +HLGHJJHU 
 $V 6WHZDUW %UDQG  DUJXHV WKLV DUUDQJHPHQW FDXVHV FRPSOLFDWLRQV IRU PDLQWHQDQFH
DQG UHQHZDO DQG JRHV DJDLQVW WKH JUDLQ RI VRFLDO DQG HFRORJLFDO UHJHQHUDWLRQ
 %UHDFKHV RI VHFXULW\ PD\ DOVR LQ H[WUHPH FDVHV EH SXQLVKHG ZLWK OHWKDO VWDWHVDQFWLRQHG
HOHFWURFXWLRQ +HUH VHH 0DUN (VVLJ 
 2Q HOHFWURUHFHSWLRQ DQG ELRHOHFWURJHQHVLV VHH *XQWKHU =XSDQF DQG 7KHRGRUH %XOORFN

 2Q WKH HOHFWULFDO QDWXUH RI VWRUPV VHH 'RQDOG 0DF*RUPDQ DQG : 'DYLG 5XVW 
$ FODVVLF HDUO\ VWXG\ LV E\ -RDFKLP .XHWWQHU 
 7KLV FKLPHV ZLWK WKH SHUVSHFWLYH RI WKH /RQJ 1RZ )RXQGDWLRQ DQG LWV WHQWKRXVDQG
\HDU FORFN SURMHFW ZKLFK UHYHDOV KRZ HYHQ WKH PRVW WDNHQIRUJUDQWHG DQG HPEHGGHG
WHFKQRORJLHV DUH EXW SDVVLQJ PRPHQWV ZLWKLQ WKH H[SDQVH RI JHRORJLFDO WLPH %UDQG

 2U DV 9LOHP )OXVVHU  ² SXWV LW FDEOHV KDYH NQRFNHG DV PDQ\ KROHV LQWR
WKH URRIV ZDOOV ZLQGRZV DQG GRRUV RI WKH KRPH DV LQ D 6ZLVV FKHHVH ´+RPHDVRQH·V
FDVWOH KDV EHFRPH D UXLQ ZLWK WKH ZLQG RI FRPPXQLFDWLRQ EORZLQJ WKURXJK WKH FUDFNV
LQ WKH ZDOOVµ WKXV GLVUXSWLQJ WKH LOOXVLRQ RI D VROLG DQG VHWWOHG DUFKLWHFWXUH
 7KLV SHUFHSWLRQ LV YLYLGO\ UHDOL]HG LQ WKH ZRUN RI WKH -DSDQHVH DUFKLWHFW $NLKLVD +LUDWD
´$UFKLWHFWXUHµ +LUDWD   GHFODUHV ´LV WKH FUHDWLRQ RI WDQJOHVµ
 2Q WKLV SRLQW VHH 7LP ,QJROG  7KLV ZD\ RI DSSUHKHQGLQJ WKH ZRUOG LV PDGH
EHDXWLIXOO\ WDQJLEOH LQ DUWLVW 0DJJLH 2UWK·V HOHFWURQLF WH[WLOHV KWWSZZZ
PDJJLHRUWKFRP(BWH[WLOHVKWPO
 7LP ,QJROG  ² GLVFXVVHV WKH LPSOLFDWLRQV RI WKLQNLQJ RI WKH FRQVWLWXWLRQ RI
WKH PDWHULDO ZRUOG LQ WHUPV RI OLQHV DQG NQRWV UDWKHU WKDQ EORFNV FKDLQV DQG FRQWDLQHUV
 +HUH VHH 3DXO 'RXULVK DQG *HQHYLHYH %HOO  ² ,QIUDVWUXFWXUHV WKH\ DUJXH
´GULYH DQG PDLQWDLQ VWDQGDUGL]DWLRQ reflect DQG HPERG\ KLVWRULFDO FRQFHQWUDWLRQV RI
SRZHU DQG FRQWURO DQG DUH LQVWUXPHQWV WKURXJK ZKLFK DFFHVV LV PDQLSXODWHGµ VHH DOVR
6WDU  ,Q KLV SKLORVRSK\ RI SKRWRJUDSK\ 9LOHP )OXVVHU   KDV VWUHVVHG WKH
FDSDFLW\ RI LQIUDVWUXFWXUH WR UHPDLQ LQYLVLEOH DQG WR HYDGH WKH DWWHQWLRQ HYHQ RI LWV
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 )RU VRPH LQVLJKWV LQWR WKHVH WHFKQLTXHV RI GUDZLQJ FRPSXWHU PRGHOLQJ DQG PDNLQJ LQ
LQGXVWULDO SURGXFW GHVLJQ VHH ,'6$ 
 .HQJR .XPD  VWULYHV IRU VXFK DQ ´DQWLREMHFWµ DSSURDFK WR DUFKLWHFWXUH DV KH
ZRUNV WRZDUGV D ZD\ RI GHVLJQLQJ WKDW LV UHVSRQVLYH WR PDWHULDO UHODWLRQV fluidity, DQG
PRYHPHQW 2Q WKH LGHD RI fluid VSDFH VHH $QQHPDULH 0RO DQG -RKQ /DZ 
 6HH IRU H[DPSOH 6XVDQQH .XFKOHU 
5()(5(1&(6
$QXVDV 0LNH DQG 7LP ,QJROG
 ´'HVLJQLQJ (QYLURQPHQWDO 5HODWLRQV )URP 2SDFLW\ WR 7H[WLOLW\µ 'HVLJQ ,VVXHV
 QR  ² KWWSG[GRLRUJ'(6,BDB
%UDQG 6WHZDUW
 +RZ %XLOGLQJV /HDUQ :KDW +DSSHQV DIWHU 7KH\·UH %XLOW 1HZ <RUN 9LNLQJ
 7KH &ORFN RI WKH /RQJ 1RZ 7LPH DQG 5HVSRQVLELOLW\ 1HZ <RUN %DVLF %RRNV
&UXW]HQ 3DXO - DQG (XJHQH ) 6WRHUPHU
 ´7KH ¶$QWKURSRFHQH·µ *OREDO &KDQJH 1HZVOHWWHU QR  ² KWWSZZZ
LJESQHWGRZQORDGI
1/SGI
'HYLQH :DUUHQ ' -U
 ´)URP 6KDIWV WR :LUHV +LVWRULFDO 3HUVSHFWLYH RQ Electrification.” -RXUQDO RI
(FRQRPLF +LVWRU\  QR  ² KWWSZZZMVWRURUJVWDEOH
'RXULVK 3DXO DQG *HQHYLHYH %HOO
 ´7KH ,QIUDVWUXFWXUH RI ([SHULHQFH DQG WKH ([SHULHQFH RI ,QIUDVWUXFWXUHµ
(QYLURQPHQW DQG 3ODQQLQJ % 3ODQQLQJ DQG 'HVLJQ  QR  ² KWWSG[
GRLRUJEW
(VVLJ 0DUN
 (GLVRQ DQG WKH (OHFWULF &KDLU $ 6WRU\ RI /LJKW DQG 'HDWK /RQGRQ %ORRPVEXU\
)OXVVHU 9LOHP
 7KH 6KDSH RI 7KLQJV $ 3KLORVRSK\ RI 'HVLJQ /RQGRQ 5HDNWLRQ
 7RZDUGV D 3KLORVRSK\ RI 3KRWRJUDSK\ /RQGRQ 5HDNWLRQ
*LOEHUW :LOOLDP
 'H 0DJQHWH 7UDQVODWHG E\ 3 )OHXU\ 0RWWHOD\ 1HZ <RUN 'RYHU 2ULJLQDOO\
SXEOLVKHG LQ 
+HLGHJJHU 0DUWLQ
 ´7KH 7KLQJµ ,Q 3RHWU\ /DQJXDJH 7KRXJKW HGLWHG DQG WUDQVODWHG E\ $OEHUW
+RIVWDGWHU ² 1HZ <RUN +DUSHU 	 5RZ
+LUDWD $NLKLVD
 7DQJOLQJ 7RN\R ,1$; 3XEOLVKLQJ
+XJKHV 7KRPDV 3
 1HWZRUNV RI 3RZHU Electrification LQ :HVWHUQ 6RFLHW\ ² %DOWLPRUH 0G
-RKQV +RSNLQV 8QLYHUVLW\ 3UHVV
,QGXVWULDO 'HVLJQHUV 6RFLHW\ RI $PHULFD ,'6$
 'HVLJQ 6HFUHWV 3URGXFWV  5HDO/LIH 3URMHFWV 8QFRYHUHG *ORXFHVWHU 0DVV
5RFNSRUW 3XEOLVKHUV
,QJROG 7LP
 ´7KH 7H[WLOLW\ RI 0DNLQJµ &DPEULGJH -RXUQDO RI (FRQRPLFV  QR  ²
KWWSG[GRLRUJFMHEHS
 0DNLQJ $QWKURSRORJ\ $UFKDHRORJ\ $UW DQG $UFKLWHFWXUH $ELQJGRQ 8. 5RXWOHGJH
 7KH /LIH RI /LQHV $ELQJGRQ 8. 5RXWOHGJH
.XFKOHU 6XVDQQH
 ´5HWKLQNLQJ 7H[WLOH 7KH $GYHQW RI WKH ¶6PDUW· )LEHU 6XUIDFHµ 7H[WLOH  QR 
² KWWSG[GRLRUJ
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.XHWWQHU -RDFKLP
 ´7KH (OHFWULFDO 0HWHRURORJLFDO &RQGLWLRQV LQVLGH 7KXQGHUFORXGVµ -RXUQDO RI
0HWHRURORJ\  QR  ² KWWSG[GRLRUJ
$7($0&,!&2%.XPD.HQJR
 $QWL2EMHFW 7KH 'LVVROXWLRQ DQG 'LVLQWHJUDWLRQ RI $UFKLWHFWXUH /RQGRQ $UFKLWHFWXUDO
$VVRFLDWLRQ
0DF*RUPDQ 'RQDOG 5 DQG : 'DYLG 5XVW
 7KH (OHFWULFDO 1DWXUH RI 6WRUPV 2[IRUG 2[IRUG 8QLYHUVLW\ 3UHVV
0RO $QQHPDULH DQG -RKQ /DZ
 ´5HJLRQV 1HWZRUNV DQG )OXLGV $QDHPLD DQG 6RFLDO 7RSRORJ\µ 6RFLDO 6WXGLHV RI
6FLHQFH  QR  ² KWWSG[GRLRUJ
6FKURHGHU )UHG ( +
 ´0RUH ¶6PDOO 7KLQJV )RUJRWWHQ· 'RPHVWLF (OHFWULFDO 3OXJV DQG 5HFHSWDFOHV
²µ 7HFKQRORJ\ DQG &XOWXUH  QR  ² KWWSG[GRLRUJ

6WDU 6XVDQ /HLJK
 ´7KH (WKQRJUDSK\ RI ,QIUDVWUXFWXUHµ $PHULFDQ %HKDYLRUDO 6FLHQWLVW  QR  ²
 KWWSG[GRLRUJ
7D\ORU 'DPRQ
 ´3OXJJLQJ ,Q 3RZHU 6RFNHWV 6WDQGDUGV DQG WKH 9DOHQFLHV RI 1DWLRQDO +DELWXVµ
-RXUQDO RI 0DWHULDO &XOWXUH  QR  ² KWWSG[GRLRUJ

=XSDQF *XQWKHU . + DQG 7KHRGRUH + %XOORFN
 ´)URP (OHFWURJHQHVLV WR (OHFWURUHFHSWLRQ $Q 2YHUYLHZµ ,Q (OHFWURUHFHSWLRQ
HGLWHG E\ 7KHRGRUH + %XOORFN &DUO ' +RSNLQV $UWKXU 1 3RSSHU DQG
5LFKDUG 5 )UD\ ² 1HZ <RUN 6SULQJHU 6FLHQFH DQG %XVLQHVV 0HGLD
